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THE MAGNIFYING POWER OF MICROSCOPE- 
OBJECTIVES AND LENSES. 



Three short Papers with Tables of Measurements. 



By Walter H. Bulloch, F. R. M. S., Chicago, 111. 



I. Magnifying power of objectives measured from the posterior 
focus for parallel rays. 

For several years considerable interest has been manifested in 
attempts to find the proper point from which lo measure the mag- 
nifying power of objectives. Ten inches has generally been agreed 
upon as the standard of distance, but there has been considerable 
disagreement about the fixed point from which to measure that dis- 
tance. The latest proposition is by Professor Abbe, most clearly 
set forth by Mr. Frank Crisp, in the Jour. Roy. Mic. Soc, iii., p. 816, 
under the title "On 'Optical Tube-length'; an Unconsidered Element 
in the Theory of the Microscope." In this paper it is held that the 
ten inches used in estimating the magnifying power of an objective 
should be measured from the posterior focal plane of the objective. 
For my own part I think some other standard will have to be 
adopted, but I leave it for others to determine. 

As few opticians care to give their formula? to the public, in order 
to test the correctness of Abbe's proposition I have made a series 
of measurements to locate the position of the posterior focus for 
parallel rays entering the front of the objective, as suggested by 
Professor Abbe. The method adopted for determining the focus 
was to place the objective in the sub-stage of the microscope with 
the back toward the stage and use a low-power objective in the 
microscope to find the position of the image of a distant object 
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formed by the objective under investigation. In the case of high or 
low powers when the focus is within the combination, the back sys- 
tem makes some difference in locating the position of image. It 
may be slight, but still should be taken into the account. 

I find much difference among the objectives of different makers; 
of those of about the same magnifying power, some have the pos- 
terior focus within the combination, others have it some distance 
behind the back system; for example, in the Spencer f-inch of 36 
the posterior focus was found to be .18 inch within the combination 
measuring from the back lens, in a Wale f-inch of 30 , .34 inch be- 
hind the posterior combination. 

How should objectives be named differing so much in magnifying 
power as the determinations below indicate? A Bausch & Lomb $- 
inch of 180°, made about 1880, water or glycerine immersion, was 
examined. I could not find the focus for parallel rays; it is a four- 
system, with about four turns of the collar adjustment; it magnifies 
at "closed " 75.7 times, at three turns of collar 56 times. Likewise 
a Spencer r Vinch, dry or immersion, made about 1878, magnifies at 
"open" 88 times, at "closed" 130 times. A Gundlach T ' 5 -inch, 
made 1878, formerly owned by Col. J. J. Woodward, magnifies at 
"open" 130 times, at "closed" 150 times. 

The accompanying Table No. 1, exhibits the determination of 
the position of the posterior focus of divers objectives, and the mag- 
nifying powers at ten inches from the ascertained focus. 

II. The magnifying power of double convex lenses. 

In the discussion on the adoption of a standard for eye-pieces at 
the Chicago meeting of the Society, it was generally assumed as 
correct that a i-inch lens magnified 10 times at 10 inches from 
lens to micrometer: I expressed my doubts at the time. I have since 
examined the works on optics at my command, and cannot find 
evidence that any one of the authors have measured lenses to ascer- 
tain the facts. They appear to have been-copying from one another, 
except in an article by the President, J. D. Cox, on page 134, "How 
to See with the Microscope," wherein a series of measurements are 
given at different distances, but they are measured from micrometer 
to micrometer. Mr. Cox gives the magnifying power of a i-inch 
lens as 8 times. I make it 8J. 

It has been taken for granted that if a lens should magnify 10 
times at 7 inches between micrometer and lens, it would magnify 20 
times at 14 inches, without considering that when the focus is 
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lengthened at one end, the conjugate focus at the other is shortened. 
From my measurements, a i-inch lens, the focal length generally 
adopted as the standard of magnifying power, I find magnifies only 
9.09 times, which is ten per cent, less than the theoretical power. 

TABLE NO. II. 

Magnifying Power of Double Convex Lenses Measuring from the Edge of Lens 10" to 
Diaphragm .1$ Diameter and Micrometer on Stage, Divided to i-iooo. 
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III. The position of the Wollaston Camera in measuring objects. 

As there is some disagreement among microscopists as to whether 
it makes any difference in the measurement of objects by means of the 
Wollaston Camera Lucida, if the distance is the same between the 
table and camera, and the camera and the object on the stage, I sub- 
mit the following measurements in Table III., for your considera- 
tion. I cannot see that it makes any difference whether the distance 
between table and camera is changed, or with the draw-tube the dis- 
tance between camera and object. Each measurement is made from 
posterior focus of objective to diaphragm of eye-piece. 

TABLE NO. III. 
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